The Falkner-Skan flows past stretching boundaries are revisited in this paper. The usual assumption U w (x) = λ U (x), i.e. the proportionality of the stretching velocity U w (x) and the free stream velocity U (x) is adopted. For the special case of a converging channel (wedge nozzle), U (x) ∼ −1/x, exact analytical solutions in terms of elementary hyperbolic functions are reported. In the range −2 < λ < +1 dual solutions describing either opposing (λ < 0) or aiding (λ > 0) flow regimes were found. In the range λ > 1 unique solutions occur, while below the critical value λ c = −2 no solutions exist at all. The mechanical features of these solutions are discussed in some detail.
Introduction
After the publication of Heinrich Blasius' pioneering work in 1908, more than three decades elapsed until the uniqueness of Blasius' famous velocity boundary layer solution was rigorously proved by Weyl [30] . On this background it was quite surprising as, further three decades later, Klemp and Acrivos [13, 14] reported that in the Blasius-problem non-unique solutions may occur when the plate is not at rest, but moves with a constant velocity U w , opposite in direction to the free stream of velocity U (i.e. when sgn U w = −sgnU ). More precisely, for negative values of the velocity ratio λ = U w /U dual solutions exist as long as λ is larger than the critical value λ c = −0.3541, below which no solutions exist. For λ > 0 (i.e. for sgnU w = sgnU ) on the other hand, Callegari and Nachman [7] have found unique solutions. Following the work of Klemp and Acrivos [14] , various mathematical and physical features of multiple (velocity and temperature boundary-layer) solutions occurring under the simultaneous effect of a driving free stream and a moving (stretching) wall have been investigated in some detail by several further authors [1, 5, 10, 11, 15, 24] .
In the latter few years a renewed research interest can be observed for such "doubly driven" self-similar boundary layer flows [3, 4, 26] . Following the approach of Riley and Weidman [24] , in all the extensions to the case of Falkner-Skan flows [8] past stretching boundaries it has been assumed that the ratio λ = U w (x)/U (x) of the non-uniform free stream velocity U (x) and the wall velocity U w (x) is a constant. Concerning the occurrence of multiple solutions, both the aiding (λ > 0) and opposing (λ < 0) regimes of such flows are of physical interest. In this respect a special attention has recently been given to the stagnation point flows [12, 17, 19] ). The additional effect of lateral mass flux on multiple solutions has been considered in this context by Weidman et al. [28, 29] . It is also worth mentioning here that parallel with these studies of doubly driven flows of clear viscous fluids, the mathematically related problem of the solution non-uniqueness for flows in fluid saturated porous media has also intensively been investigated in the pertinent literature [18, 19, 21, 23 ]. The aim of the present paper is to contribute to the exploration of the solution space of Falkner-Skan flows past stretching boundaries with a further specific example. This is the case of the boundary layer flow in a converging channel (wedge nozzle), driven simultaneously by a free stream of velocity U (x) = −U 0 /(x/L) , U 0 > 0 and boundaries stretching with the velocity U w (x) = λ U (x). The attractive feature of this case is that all the (unique and dual) solutions can be obtained in closed analytical form in terms of elementary hyperbolic functions. The domain of existence of these solutions extends to all values of the velocity ratio λ above the critical value λ c = −2. In the range −2 < λ < +1 dual solutions describing either opposing (λ < 0) or aiding (λ > 0) flow regimes occur. For λ = 0, the famous Pohlhausen solution [22] and its dual counterpart are recovered, while the solutions associated with positive values of λ are proven to be unique.
Governing equations
We start our considerations with the general case of a power law free stream velocity
where L is a reference length and the wall coordinate x is measured from the line of intersection of the two plane boundaries of the wedge, representing the leading edge of the flow. The sign s is +1 when the free stream velocity U is directed from the leading edge to plus infinity and −1 when it points in the opposite direction. According to Goldstein [9] , in the latter case we are faced with a backward boundary layer flow, while for s = +1, the forward, or "usual" boundary layers occur. The stretching velocity U w (x) of the boundaries is assumed to be proportional to U (x),
where the velocity ratio λ may take positive (aiding flows) or negative values (opposing flows), respectively. The value λ = 0 corresponds to the proper case of the classical Falkner-Skan flows over resting surfaces. The governing continuity and momentum balance equation in the boundary layer approximation are
The boundary conditions for the wedge flows driven simultaneously by a free stream and by impermeable stretching walls are
Introducing the stream function ψ (x, y) by the usual definition u = ∂ψ/∂y, v = −∂ψ/∂x, as well as the similarity transformations
the boundary value problem (3)-(5) reduces to
